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il HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Status (Briefly)

3 Farameters: oEg, Tg,Sges

. I ENERGY —-GAF MODEL DEVELOFED,
1 COMFARED WITH!
FHOTOLUMINMNESCENT

A AND  TRANSFORT DATA.

AEc

@<= ECECTRICAL SHORT-—CIRCUIT

2 CURKENT DECAY (ESCCD? z/

CEVEL OFED AND IMPROVED

P

R @ =. ESCCD AUGMENTED BEY ADMITTANCE
- VS. w AND VI(FORWARD)>
3 ‘4- ESSCD+ADMITTANCE AFPFLIED TO

MEASURE S AND T FOR BAaSE OF

MANY BSF SOLAR CELLS

BSF

-

Publications

[ESSCD IN TRANS ED, Y - §SSCD
2 BEING WRITTEN, 8) BSF
1 ENERGY (Aaff MODEL IN E

FHOTOVOL. TAICS CONF.

ALSO DETAILED VERSION UNDER

REVIEW, FiHAY S o REWV .
CO—WORKERS:= L= NEUGROSCHEL., AL L.
WORK =3 ~. T. LANDSRERERG , Cc.T. SaAat4d,

AIND NEUGROSCHEILL ON ENERGY GAFP.
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HIGH-EFFICIENCY SILICCN SOLAR CELL RESEARCH
Remarks on Energy Gap Model

@ ENERGY GAP = KEY FARAMETER
@® s1viPLE UsSEFUL FORMULA
@ REFRTSENTS EXCPERIMENTAL FACTS

SIK  (OPTICAHL. = 1)

TOOK (TRANSFORT DATA)D
@HEAVILY DOPED (LARGE h OR F)
@HIGHLY EXCITED (LARGE N AND )

STRONG IRRADIATION

P/NM TRANSITION REGION
¥+ peEreENDENCE

SOLAR CELLS AT I0OOoK

EXFPERIMENTS, OTHER T

Frlf LK

P A 1AL frpef o f.
® Simple Understanble Theory :—
Debye (Carreer) Screenin 3, 3 edfmh‘/c

® SAH (1966), Chapter 6 Coulombic
@ SAH, /%Mctt C/mv TR28

T
o SAH, gfme svmzz CELL (i978)

o LiNDSBEEA N1 5. 11064)
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HIGH-EFFICIENCY SiLICON SOLAR CELL RESEARCH

TEWPERATURE DEPENDENCES OF
7o mp/ms Egu 0y a0d Iy
or SILICCH
C. T. Sah, N, J, Nciutt and C. N. Chan
Technical Report Mo. 20

June 27, 1970

Sol{d Stste Llsctramics Laborutory
Techif{cal Report No. 28
June 27, 1374

Electrical foginesring Ressarch Laboretoriss
University of Illincis
Urbana, Iliinois

The actual energy gap aiso includes the electron-hole, electron-

electron and hole-hols electrostatic interaction enesies which red.'ces the

energy gap at high carrier ccncentrations. This effect is represented by aF

AEG = -e/ku(xum) (u}

"

- 1.?3:(10—"/(!.005) Volts (5)
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HIGH-EFFICIFNCY SILICON SOLAR CELL RESEARCH

1984 Lanisbherg Version

EXFRESSION FOR SAP
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-
- b(N,
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SHR INKAGE

—-k(N,P)a
[0 D a

)

Ny —é—): Debye Streening Length

1966 Soh Version : Screeningby jori@(
Carriers on minoritycarrier OFg
NOTE : AEg data is from ?I)](fllonf"fn rriers

X
P-$ o0, |

.-ez

- o %o

LA 34

EE e Vir) r

~
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Kt & Hrer , V [

oipg® [P ras "Z%'F-&
e” o © o] L__eZu{;/
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287




[ERCYPRVE I

P
Nr n e e e

HIGH-EFFICIENCY 3ILICON SOLAR CELL RESEARCH

Screening Wave Number kp

FOR GENERAL N AND F.

FOR LOW CONCENTRATIONS, FEFRMI

INTEGRALS BECOME EXFONENTIALS:
= =

kb = cffffe N+~ FO>EKTI

OR, FOR DEGENERATE DENSITY N, 4

1,35

= 1= e =
» = (/> <§e m we h > 0N
mM

tMKS unit
(47 of CGs taken out') "

e b e

10- T T T T T T T LERLEILIS UL S N N B B i ¢
m*/m=1.45 )
:
10°F
s | .
E - oo 3
mu O Ref.12 t
<l O Ret.13 ¢ 7
1 fay R.'. 14 t
10 O Ref.15 ¢ 7
L * Ref.16 N
v Ret.17 ¢ ]
I ® Ref.10
i A this work A
100 1 TR O | todal ! ! T{IIE?RJYJ 1.1
107 10% 10'° 10?0 10?1
norp (cm™)
Comparison wilh minority carrier
. v
transporl or pn’ product measurements ;
W bipolan devices : diodes , transistors.
N
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AEG (meV)

AEG(meV)

HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

10 LI T 171 T T T T T T T 1
: n- (23) nt )}
LTl e 4
i at m*/m=1.1 )
107 s /s/A aAb -
- A N
i 1
101 N S S S O | 1 W S U A bt
1 018 1 019 1 020 1 021
norp (cm?3) }W
ofwmmescence data. (Dumke)
a3 Dumbe APL 42 196(19¢3)
24, Dumbe , cfﬁP5+ 3201983 AN 13
103 T T T 11 T T T 1T T

m*/m=1.1 —
/ : -
102 oe m*/m=0.45 -

*/m=0.6
° -4
-~ [ ] -
10! " S | L ST | 1 Lo
1013 1 019 1020 1021

nor p (cm™)

5K ‘Photoluminescence and exitation dala

Wognev PR B2, 2002(/9¢¢)
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HIGH-EFFICIENCY

ESSCD
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SILICON SOLAR CELL RESEARCH

S T;
MEASUREMENT OF °B£ND rB
o TN QUAsINEUTRAL “rase =
OF BSF CeELLS
— E SSCD <+ slope ¢ <nterces 7"
REPORT IMPROVED =SSC
ELECTRICAL SHORT—CIRCUIT
CURRENT DECAY BY USE OF

FAST MOS TRANSISTOR SWITCH
C(LO s .

2. ADVANTAGE OF ESSCLD VS

OFEN—-CIRCUIT VOLTAGE DECAY,

REVERSE STEF RECOVERY, ETC.

IT AVIOIDS INFLUENCE OF

HOLES % ELECTRONS It B/N

SCR BY FORCING DENSITIES TO

I EQUILIBRIUM VALUES IN 10 ps.

. OTO MEASURE S AND T IIN EASE

YOU NEED SLGOFE OF LOG VY (t)> AND

ONE OTHER FPIECE OF DATA. THIS

IS EEST FROVIDED EY Y (jw.,\V) =

ADMITTANCE MEASURED ON BRIDGE .

Y PROVIDES TWO THINGS:z

(AY SE~ARATION OF QNE I

FROM QNEB I BY CHANGING .

(E) CONFINEMENT OF Y

RESFONSE TO VO_UME «(NOT

SURFACE) FOR LARGE w; THUS

CAN GET * EVEN IF DIFFE._

LENGTH > BASE THICKNESS.

Y(w) acz”uall# =“Cur +Crp= Cgp vs W
G%M/ Vs @
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

\l Coll Oscillloscope
S ] %
T

logg It)

|<

(a)

Iy

Slope o< Ty =mullimode
when Te ## Lg

base thickness

()]

(b ,Z/d_’; Mzé . _
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HIGH-EFFICIENCY SILICON SOLAR CEL. RESEARCH !
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

M LI B T T T ™ T
10
Go i/ Ganp= 3
1
0.5
1.0 0
1 . i 1 l A 1 1 1 L 1 1
16¢ 10 102
@ (Arbitrary Scale)
Recommendations
oL.D-RENEWED
® - USE DEW ENERGY GAF MODEL
IN COMIPUTER SIMULATION. A 6
=2 . UiSsSED ESSCD -+~ Y CTJw VD FOR ?B
AND OF BACK SURFACE FIELD.
BSF

NEAR TERM EFFORTSE

@1 NEW EXPERIMENTS TO EXFPLORE
ENERGY GAP MODEL FURTHER. O

O =.- ApAET S AND ZEMEASUREMENTS
TO EMITTER, USING Y(jw) .-

@ S. THEORY TO ACCOUNT FOR AED4AEA
IMPURITY BAND INFLUJUERMCE FOR
MODERATEL.Y HIGH DENSITIES:z 1LO*e

@ 3- ACCOUNT FOR HOLES AND C
AND ELECTRONMS IN SCR O TO S(_‘R
IMPROVE ACCURACY OF OFPEN-— 6
CIRCUIT VOLTAGE DECAY SCR

o 1. aks,0aE,4+4E,

o 2, Sgsry lg, ® SE) Tc
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